The three major objectives of this research were: (a) identification, (b) organization, and (c) analysis of mammalian repetitive DNA, as stated in the title. Our approach was based on computer-assisted analysis of sequence data complemented by small-scale experimental verification. Our major accomplishments include development of public database of repeats (Repbase Update) and of a server for automatic annotation of repetitive DNA, known as "CENSOR server". Furthermore, we have made a major contribution towards understanding of the mechanism of retrotransposition of SINE and LINE elements which represent 25% of mammalian genomes.
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We have identified and characterized several dozen new families of repetitive elements from mammals published both in printed journals ( 1,2) and electronically in Repbase Update (3). This grant was the only funding which supported the development of Repbase Update throughout most of 1996. Repbase Update became the major resource on genomic repetitive DNA and is being used in genomic analyses worldwide. Repbase Update is lasting contribution to genome projects and it owes much of its existence to the DOE funding.
We have developed a new version of CENSOR Server based on dedicated a hardware (Fast Data Finder from Paracel Inc.), run in conjunction with a Sun Ultra 10 (4). Our server replaced Pythia operations previously available from Argonne National Laboratories (5,6). CENSOR server continues to operate after expiration of this grant. It was used to annotate repeats in over 200,000,000 bp of mammalian sequence data submitted from all over the world. CENSOR also served as cross-reference software for developing RepeatMasker (Smit, A.F.A., 1996) . CENSOR is particularly useful for annotation of long chunks of DNA sequences (over 100 kb), which often cause RepeatMasker to crash.
Using the new CENSOR 2.0 software, we have generated the first Genbank-scale map of repetitive elements based on available genomic DNA sequences from primates (7). The original map based on GenBank 105.0 contains over 200,000 repetitive elements and was partially supported by this grant. The major families of repeats are L1 (13.7 1%) and Alu (10.5~0). The third largest group are various viral elements (7.5%), followed by L2 ( 1.9%), simple repeats (1.6%), and MIRs (1.5%). The remaining 1.9% are DNA transposons, satellites and unclassified elements. The map includes the following information: (i) accession numbers; (ii-iii) beginning and ending position of the repeat; (iv) repeat name as listed in Repbase Update; (v-vi) positions of the consensus sequence aligned to the particular repeat; (vii) orientation of the repeat -d)ireet or complementary; (viii) relative similarity to consensus sequence and (ix) ratio of mismatches to transitions. Given adequate resources such maps can be revised and updated on a regular basis. Currently, over 300 megabases (Mb) of primate DNA sequences have been deposited in Genbank 112.0. Generation of repeat annotations continues after expiration of this grant and is likely to become a standard feature in genomic databases. The current map contains over 600,000 repeats and repeat fragments and is available over the internet.
Our major research accomplishment was identification and characterization of sequence targets for integration of non-LTR retroelements (retroposons). These targets appear to be common for SINE elements such as Alu, B 1, B2, BC1, as well as for L1 (LINE1) and processed retropseudogenes (8) (9) (10) (11) . This, and identification of endonucleolytic cleavage of similar targets by L1-encoded reverse transcriptase (12) Grant DE-FG0395ER62139 Jerzy Jurka mechanism of retroposition in mammals ( 10,12). The proposed mechanism may be applicable to non-LTR retroelements not only in mammals and other animals but also in plants (13).
Currently, we are studying potential relationships between targets for retroposon integration and recombinational hot spots in mammalian chromosomes (14) . We have demonstrated in vitro that targets for retroposon integration are hot spots for homologous recombination, if present in multiple tandem copies. This has been demonstrated in plasmids transected to mammalian cell lines lacking p53 tumor suppressor protein, such as C33A cell line. Co-transfection of p53 gene to C33A inhibited the recombination. Genomic sequences targeted by retroposable elements can become hot spots for homologous recombination in p53-deficient cancer cells whose p53 genes are deleted or mutated, p53 proteins are inhibited by viral proteins (e.g. SV40 T antigen) or endogenous oncoproteins (e.g. MDM2). This phenomenon can be used for cancer-targeted gene therapy if the overall frequency of recombination can be improved by another factor of magnitude. It also has implications for understanding of the overall stability of the genome.
Personnel involved: Paul Klonowski (programmer), Vladimir Kapitonov (post-doctoral fellow), and Jerzy Jurka P.I. (all 3 funded approximately until the end of 1996). Since 1997 we had only a limited funding for a technician Jiong Ma, working on a pilot experimental program devoted to analysis of the integration targets, as described above. This small-scale experimental project continues, and we hope to complete it at the end of 1999 using non-DOE funding. After that we have applied for no-cost extension and a small supplemental funding to support our experimental work for one year. The supplemental funding for one lab technician was granted in 1998 and expired on March 3 lst, 1999.
